Many bacterial source tracking (BST) methods are too expensive for most communities to afford.
INTRODUCTION
Bacterial source tracking (BST) identifies sources of fecal contamination by various phenotypic, genotypic, and chemical methods. Many of these methods are too expensive for most communities to afford. One way to reduce the cost is to use targeted sampling as a prelude to BST (Kuntz et al. 2003) . Targeted sampling works much like the children's game of "hot" and "cold." Briefly, the method separates sampling for two different flow conditions, one for baseflow and another for stormflow, to accommodate potential changes in fecal sources during the different flow conditions (e.g., Hartel et al. 2004) . Next, the method combines local knowledge with 1-day samplings to reduce bacterial changes with time (Jenkins et al. 2003) . Once each sampling location is identified through the global positioning system (GPS), the data is placed in a geographic information system (GIS) database, and hotspots of fecal contamination are identified doi: 10.2166/wh. 2007.004 and resampled. Limiting the samples to a small geographic area reduces bacterial changes with geography (Hartel et al. 2002) and animal diet . In most cases, persistent sources of fecal contamination are visually obvious and BST is unnecessary. In the few cases where persistent sources of fecal contamination are not obvious or it is necessary to confirm persistent sources, then a BST method can be selected on the basis of a "toolbox" approach (USEPA 2005) , an approach where each method's cost, reproducibility, discriminatory power, ease of interpretation, and ease of performance is considered (Simpson et al. 2002) .
Targeted sampling has been successfully combined with an expensive genotypic BST method, ribotyping, in estuarine waters during calm (baseflow) conditions (Kuntz et al. 2003) , and successfully combined with three inexpensive BST methods in marine waters during both calm (baseflow) and stormy (stormflow) conditions (McDonald et al. 2006) .
Targeted sampling has never been combined with a BST method in freshwater during both baseflow and stormflow conditions.
One relatively inexpensive BST method to identify or confirm human sources of fecal contamination is fluorometry. Fluorometry is a chemical BST method which identifies human fecal contamination by detecting optical brighteners (also called fluorescent whitening agents) in water. Optical brighteners are compounds added to laundry detergents and typically represent 0.15% of the total detergent weight (Hagedorn et al. 2005) . As highly substituted ring (aromatic) structures, they are excited (activated) by light in the near-UV range (360 to 365 nm) and emit light in the blue range (415 to 445 nm ; Kaschig 2003) . In this emission range, they compensate for undesirable yellowing of clothing. In the United States, 97% of laundry detergents contain either the optical brightener DSBP (4,4'-bis(2-sulfostyry)biphenyl) or DAS1 (4,4'-bis[(4-anilino-6-morpholino-1,3,5-triazin-2-yl)amino]stilbene-2,2'-disulfonate) (Hagedorn et al. 2005) . Although these water-soluble compounds have a high affinity for cellulosic material, a small but significant percentage is lost to the wastewater. Because household plumbing systems mix effluent from washing machines and toilets together, optical brighteners are associated with human sewage in septic systems and wastewater treatment plants. Once in the wastewater, these compounds persist until they are exposed to sunlight, whereupon they photodegrade in a matter of hours (Kramer et al. 1996) . Below wastewater treatment plants, concentrations of optical brighteners average 0.5 mg L 21 in fresh waters (Poiger et al. 1998 ) and a few mg L 21 in marine waters (Hayashi et al. 2002) .
Detecting optical brighteners alone is limited as a BST tool because this detection may or may not be associated with fecal contamination. For example, the effluent from a wastewater treatment plant may contain optical brighteners, but unless the wastewater treatment plant fails to disinfect its effluent sufficiently, it will not contain viable fecal bacteria, and the plant does not represent a source of human fecal contamination. Therefore, detecting optical brighteners needs to be combined with numbers of fecal bacteria ( Table 1) .
The data for combining fluorometry and counts of fecal bacteria are contradictory because the combination appears to work for some investigators (e.g., Kerfoot & Skinner 1981; Hagedorn et al. 2005) but not for others (e.g., Close et al. 1989; Wolfe 1995) . Therefore, combining fluorometric measurements with counts of fecal bacteria may or may not have potential as a BST method for detecting human fecal contamination. To investigate this possibility further, we conducted a study to evaluate combining targeted sampling and fluorometry in a freshwater creek during baseflow and stormflow conditions. To confirm fluorometry, we used detection of the esp (enterococcal surface protein) gene.
The esp gene in Ent. faecium isolates is detected in 97% of human sewage and septic samples but not in any non-human animal feces (Scott et al. 2005) . Although the reach is fenced to prevent cattle from getting 
Sampling for Escherichia coli
All samples were collected aseptically on foot or from inflatable kayaks. Water samples were collected in 500-ml (18 oz.) Whirl-Pak bags (Nasco, Modesto, CA). Sediment samples (uppermost few millimeters only) were collected with an ethanol-disinfected spoon and were placed into sterile 500-ml polypropylene bottles. Water and sediment samples were placed on ice and processed within 6 hours using the Colilert SystemY (IDEXX Laboratories, Westbrook, ME), which uses the Most-Probable-Number (MPN) method. The Colilert system estimates the number of total coliforms (not recorded) and E. coli per 100 ml. Water samples were diluted with sterile distilled water to 10 21 in sterile manufacturer-supplied polystyrene bottles. A package of powdered Colilert medium was added to each bottle.
After the medium was dissolved, the contents of each bottle were added to a Quanti-tray, a sterile disposable panel Sediment samples were allowed to resettle for 1 hour, after which the overlying water was removed aseptically.
The sediment was thoroughly shaken in the collection bottle, and 10-g samples were serially diluted with sterile distilled water to 10 21 and 10 23 in sterile manufacturersupplied polystyrene bottles for enumeration of E. coli as described previously. To express the number of E. coli on a per g dry weight basis, three additional 10-ml sediment samples were each poured into preweighed aluminum weigh boats and were dried at 958C for at least 24 hours before the boats were reweighed. The weights of the three sediments were averaged and were divided into the MPN value as appropriate.
The fecal indicator bacterium was Escherichia coli.
Although it is recommended by the USEPA (1986) as an effective predictor of gastrointestinal illness in freshwater, the State of Georgia has yet to identify the number of E. coli permitted in various environmental waters. Therefore, an arbitrary limit of 235 E. coli per 100 ml was chosen for a single grab sample because it is the recommended limit of E. coli in fresh water with primary contact (USEPA 1986).
Enterococcus speciation and detection of the esp gene (Table 2) .
Griffin reach
Three baseflow samplings were conducted off this reach, but only the second and third baseflow samplings were Only one sample (Site 20B) exceeded 150 fluorometric units.
During the stormflow sampling, 21 sites were sampled (Sites 1B to 21B), of which 17 were tributaries. In contrast to baseflow conditions where only two sites were of concern, ten sites, composed of one Potato Creek sample and nine tributary samples, were of concern during stormflow conditions. There was a sharp increase in the numbers of E. coli below Site 13B, where numbers of E. coli 
DISCUSSION Targeted sampling
This study was the first targeted sampling in fresh water during baseflow and stormflow conditions. The results were In the case of resampling the Griffin reach, the reach was indeed persistently contaminated with high numbers of E. coli during both base and stormflow conditions.
As expected, fecal contamination was much worse during stormflow than during baseflow conditions; such increases have been observed in Georgia fresh waters previously as runoff brings new sources of fecal material into the reach (Gregory & Frick 2001; Hartel et al. 2004) . Targeted sampling identified a broken home sewer line as a potential source of fecal contamination during both base-and storm-flow conditions, as well as potential fecal contamination from dog kennels during stormflow conditions. It is possible that urban wildlife contributed to these numbers as well. During baseflow conditions, higher numbers of E. coli were observed in the summer than in winter. This result may be because conditions for bacterial survival are better in summer than in winter. Even though E. coli has long been known to survive best in cool, moist conditions (Van Donsel et al. 1967) , any freezing would have reduced E. coli numbers significantly.
In the case of the Meansville reach, the initial sampling showed that fecal contamination to the Meansville reach was not coming from Potato Creek upstream. Therefore, the source must be downstream from Turner Bridge Road.
Targeted sampling showed that cows were the major source of contamination to this reach. When tributaries near C. W.
Allen Bridge were sampled, high E. coli numbers were observed and cows were observed standing in the tributary. On the negative side, there were five instances (Table 3) where high fluorometric values were observed and bacterial counts were low. Using the fluorometry key (Table 1) , these sites would be identified as having gray water, where effluent would contain laundry detergents, but not human feces. In the case of Griffin and Thomaston, both urban environments, gray water was a possible source, but more likely sources were diesel fuel and motor oil from nearby asphalt roads. Both diesel fuel and motor oil sources contain compounds that fluoresce at approximately the same wavelength as optical brighteners (C. Hagedorn, personal communication, 2005) . Indeed, the site in the Thomaston reach was associated with runoff from a local shopping center parking lot.
Although diesel fuel and motor oil are likely sources of fluorescence in the Griffin and Thomaston water samples, they were unlikely sources in the three Meansville water samples, which came from tributaries draining cow pastures. In these instances, the most likely reason for the high fluorometric readings was background fluorescence from organic matter. It has long been known that organic matter in water fluoresces when exposed to UV light (Kalle 1949) , and in fact, fluorescence can measure total organic carbon (Smart et al. 1976 ). This fluorescence may be a particular problem in the Importantly, both methodologies place a premium on common sense (e.g., identifying obvious sources like cows and broken sewer pipes) and local knowledge (e.g., runoff from parking lots) to minimize costs. In the case of fluorometry, changing the emission filter to reduce background organic matter fluorescence may be helpful for waters with high concentrations of organic matter.
